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Finding All Solutions of Piecewise-Linear Resistive Circuits
Using Separable Programming
Hideki TANAKA
1.
.
2.
n
f(x)
4
= Pg(x) +Qx− r = 0 (1)
x = (x1, x2, · · · , xn)T ∈ Rn
n
g(x) = [g1(x1), g2(x2), · · · , gn(xn)]T
Rn Rn
P Q
n × n r n
(1)
u
(2) (   )K
B
C
A
x
(0)
j
j jx jjx
l j x
jx
xf j)(ij
1 fij(xj).
(1)
2. 1
(1)
fi(x) =
n∑
j=1
fij(xj); i = 1, 2, · · · , n (2)
[k,k+1] x(k)j <=
xj <= x
(k+1)
j , fij(xj) λ
fij(xj) = λ
(k)
j fij(x
(k)
j ) + λ
(k+1)
j fij(x
(k+1)
j )
xj = λ
(k)
j x
(k)
j + λ
(k+1)
j x
(k+1)
j
(3)
[lj , uj ]
fij(xj)
fij(xj) =
K∑
k=0
λ
(k)
j fij(x
(k)
j )
xj =
K∑
k=0
λ
(k)
j x
(k)
j ,
K∑
k=0
λ
(k)
j = 1, λ
(k)
j
>= 0
(4)
(1)
n∑
j=1
K∑
k=0
λ
(k)
j fij(x
(k)
j ) = 0, i = 1, 2, · · · , n (5a)
xj =
K∑
k=0
λ
(k)
j x
(k)
j , j = 1, 2, · · · , n (5b)
K∑
k=0
λ
(k)
j = 1, j = 1, 2, · · · , n (5c)
λ
(k)
j
>= 0, j = 1, 2, · · · , n; k = 0, 1, · · · ,K
(5d)
λ
(k)
j λ
(l)
j = 0 if l > k + 1; k = 0, 1, · · · ,K − 1.
(5e)
(5e)
2 λ
1 λ(0)j λ
(1)
j λ
(2)
j
λ
(K)
j , AB
λ
(0)
j λ
(2)
j λ
AC
2. 2
2. 2. 1
(1)
n∑
j=1
K∑
l=0
λl,jfi,j(xl,j) = 0 i = 1, 2, . . . , n
K∑
k=0
λ
(k)
j = 1
λ
(k)
j
>= 0 j = 1, 2, . . . , n; k = 0, 1, . . . ,K
λ
(k)
j λ
(k′)
j = 0
if k′ > k + 1; k = 0, 1, . . . ,K − 1
(6)
(6)
(1)
(6)
(5e)
2. 2. 2
λ
λ xi
λ
• xi λ 1
• xi λ 1
• xi λ 1
λ
• xi λ 2
λ
.
2. 2. 3
n
λ
n∑
j=1
(λ(kj)j + λ
(kj+1)
j ) = n (7)
λ
n∑
j=1
(λ(kj)j + λ
(kj+1)
j ) < n (8)
N + 1
[1] 2, 3 3
2
2g1(v1) + v1 + v2 − 9 = 0
2g2(v2) + v1 + v2 − 9 = 0
(9)
α1 λ
λ
(0)
1 + λ
(1)
1 = 1 (10)
λ
(0)
2 + λ
(1)
2 = 1 (11)
(10) (11)
(λ(0)1 + λ
(1)
1 ) + (λ
(0)
2 + λ
(1)
2 ) = 2 (12)
λ (6)
(λ(0)1 + λ
(1)
1 ) + (λ
(0)
2 + λ
(1)
2 ) < 2 (13)
(6) (13)
α2
λ
(λ(1)1 + λ
(2)
1 ) + (λ
(0)
2 + λ
(1)
2 ) < 2 (14)
α2
(14) (6),(13)
α3
(λ(2)1 + λ
(3)
1 ) + (λ
(0)
2 + λ
(1)
2 ) < 2 (15)
R2
V 2
i
2 Ω
i9
R1
1
v2
v1
(a)
2 5 10
6
3 10
(b)
9.5
i g2 ( 21 g (v1
1 v2v
i 21 v ))
4
3.5
1
2 (a) 1 (b) R1, R2
–
λ(0)1
α1 α2 α3
λ(1)1 λ(2)1 λ(3)1
λ(1)2
λ(0)2
λ(2)2
x1
x2
3 1
(15)
3
(1)
N + 1
2. 3
.
C Dell Precision
T7500 (CPU: Intel Xeon 3.33GHz)
10
10K
4K
5K 0.5K
0.5K
10.1K
10.1K
4K
4K
30K
+12V
+12V
4K
30K
30K
2V
10V
30K
4 4
12V
4K
8K
0.1K
8K
4K
0.1K
30K
1K 4K 10K
1K
0.1K
10K
5 4 1
1 1
n N
[5]
4 8 9 269 1 754
5 9 3 121 1 752
6 15 11 602 21 657
7 22 1 171 7 217
1
1 4–7
[−20, 0.5] [−20, 0] 1 [0, 0.5] 9
1
3.
2.2.3
N + 1
5K
2.7K2.7K 1K 3K
15K 15K
1K 11K
1K
15K
15K
1K
3K 11K
50
5012V
15K
6 6 3
1K
18V
10
100
12K
470
150K
4.7K
68K
150K 1.8K
25V
10 
100
1.8K
1.2K
22K 5.6K
56K
22K
330K
2K
10
120K 101K 120K
1.5K 270
33K
7 9 4
( )
[1] L.O. Chua and R.L.P. Ying, “Finding all solutions of
piecewise-linear circuits,” Int. J. Circuit Theory Appl., vol. 10
no. 3, pp. 201–229, July 1982.
[2] T. Nishi, “An efficient method to find all solutions of
piecewise-linear resistive circuits,” Proc. IEEE Int. Symp. Cir-
cuits Syst., pp. 2052–2055, Portland, Oregon, May 1989.
[3] A. Ushida and T. Nakamura, “Interval analysis of nonlinear
resistive circuits,” Proc. Joint Tech. Conf. Circuits/Systems,
Computers and Communications, pp. 499–505, Sapporo,
Japan, June 1989.
[4] L. Vandenberghe, B.L. De Moor and J. Vandewalle, “The
generalized linear complementarity problem applied to the
complete analysis of resistive piecewise-linear circuits,” IEEE
Trans. Circuits Syst., vol. 36, no. 11, pp. 1382–1391, Nov.
1989.
[5] K. Yamamura and S. Tanaka, “Finding all solutions of
piecewise-linear resistive circuits using the dual simplex
method,” Int. J. Circuit Theory Appl., vol. 30, no. 6, pp. 567–
586, Nov. 2002.
[6] H. Tanaka, H. Kato, and K. Yamamura, “Finding all solutions
of piecewise-linear resistive circuits using separable program-
ming,” Proc. 2012 IEEE Workshop on Nonlinear Circuit Net-
works, pp.67–70, Dec. 2012
[7] K. Yamamura and H. Tanaka, “Finding all solutions of
piecewise-linear resistive circuits using separable program-
ming,” Proc. 21th IEEE European Conference on Circuit The-
ory and Design, Sept. 2013
[8] K. Yamamura and H. Tanaka, “Finding all solutions of
piecewise-linear resistive circuits using separable program-
ming,” IEICE Trans. Fundamentals, vol.E97-A, 2014
..
